suppress the lethality of let-7(n2853) and identified 50 descendants) at different stages during development and found that seam cell development in hermaphrosuch mutations as detailed in Experimental Procedures. The F1 screen was expected to produce only dominant dites proceeded normally until the L3 molt, when some seam cells precociously underwent the L/A switch (Figsuppressor mutations , while the F2 screen was expected to produce both dominant and recessive supure 2). lin-41(n2914) animals carrying a lin-41(ϩ) transgenic pressor mutations. One class of mutants, represented by seven independent isolates, was distinguished bearray (C12C8 in Figure 3A ) and presumably containing a higher than normal dosage of lin-41, showed a retarded cause they showed semidominant suppression of the lethality (Figure 1 , Table 1 , and data not shown) and the phenotype in the hypodermis (59%, n ϭ 53 animals), while control animals did not (data not shown). In reheterochronic defects (Table 1 and data not shown) of let-7 mutations. We also performed a screen for new tarded animals, most hypodermal seam cells failed to execute the L/A switch (i.e., exit the cell cycle and termiprecocious heterochronic mutants in a strain that has been shown to cause high frequencies of transposon nally differentiate) at the L4 molt and instead reiterated the larval fate and divided again ( Figures 2B-2E ). In insertion and point mutations (Collins et al., 1987) and isolated one mutant, ma104. Genetic mapping and comsome cases, the animals died by bursting through the vulva in a manner that resembled the lethality caused plementation tests showed that these mutations are all alleles of the same gene, lin-41 (see below).
by loss of let-7 function (Reinhart et al., 2000) . A similar retarded phenotype was observed in wild-type animals carrying a full-length lin-41 gene fused to the green lin-41 Mutants Display a Precocious Heterochronic Defect fluorescent protein (GFP) (see Figure 5D legend), while control animals carrying just the injection marker did not The lin-41 mutations caused recessive precocious heterochronic expression of an adult-specific hypodermal display a retarded phenotype (data not shown). Thus, overexpression of lin-41 caused a heterochronic defect cell fate (Table 1) . In wild-type animals, the lateral hypodermal seam cells divide with a stem cell-like pattern opposite to that of animals missing lin-41 gene activity, showing that LIN-41 is necessary and sufficient for the during the L1, L2, L3, and L4 stages before exiting the cell cycle and terminally differentiating after the L4 repression of adult-specific fates during earlier larval stages. lin-41 may act as a genetic switch to regulate molt-a process termed the larval-to-adult (L/A) switch. These cells secrete a cuticular structure known as lateral developmental timing in the hypodermis. These data also argue that lin-41 is the major let-7 regulated output alae at the adult stage (Figure 1) We propose that in a let-7 mutant, LIN-41 protein is misexpressed in time, and that this misexpression causes the let-7 heterochronic defects and lethality. Since animals heterozygous for the lin-41 null mutation to the 3Ј regions of lin-41 from a C. elegans EST collection and The extent of alae formation was judged on a single side of each completed the sequences of these clones. To obtain the lin-41 5Ј animal. Anti-LIN-29 antibody staining was performed as described region, we performed PCR on the cDNA libraries RB1 and RB2 with (Bettinger et al., 1996) . Animals were grown at 15ЊC prior to staining. a primer designed to the predicted ATG start codon of lin-41. We Cell lineage analysis was performed as described (Sulston and Hordetermined DNA sequences and found that four of five subcloned vitz, 1977).
cDNAs contained the splice variation found in LIN-41A, while one had the splice variation found in LIN-41B. We obtained two mouse Isolation and Characterization of Novel Precocious Mutants cDNAs corresponding to AA930787 and AA919390 from the IMAGE let-7(n2853ts) mutants were grown at the permissive temperature consortium and completed the sequencing of the cloned inserts. A (15ЊC) and subjected to ethylmethane sulfonate (EMS) mutagenesis.
full-length lin-41::gfp transgene that fuses GFP in frame to the very In two separate screens, the F1 progeny (F1 screen for dominant N terminus of LIN-41, containing 7.3 kb of upstream DNA, the gfp suppressors) or F2 progeny (F2 screen for recessive suppressors), coding sequence, the lin-41 genomic coding sequence, and the respectively, of mutagenized animals were raised at the nonpermiscomplete lin-41 3ЈUTR was generated by overlap extension PCR. sive temperature (25ЊC) and reproducing animals were picked from DNA from the start codon of lin-41 to position Ϫ7.3 kb was fused a background of Let-7 lethal mutant animals. F1 screen: from 12,000 to GFP, and this was subsequently fused to the 7.1 kb lin-41 genomic mutagenized haploid genomes, 10 independently isolated nonlethal coding region and 3ЈUTR. This fusion gene rescued a lin-41(ma104) animals were obtained. F2 screen: from approximately 10 5 mutagenmutant. DNA was injected into the gonad of wild-type animals at ized haploid genomes, 40 independently isolated nonlethal animals 10 ng/l with 100 ng/l pRF4 as an injection marker. Oligonucleotide were obtained. Additional spontaneously arising suppressor musequences are available upon request. tants were identified in the course of propagating unmutagenized let-7(n2853) animals. These mutations fall into a number of different
